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1.	 Most	 studies	 on	 plant-soil	 feedback	 (PSF)	 and	 plant	 competition	 measure	 the	
feedback	 response	 at	 one	moment	 only.	 However,	 PSFs	 and	 competition	may	
both	 change	 over	 time,	 and	 how	 PSF	 and	 competition	 interact	 over	 time	 is	
unclear.
2.	 We	tested	 the	 temporal	dynamics	of	PSF	and	 interspecific	competition	 for	 the	
forb	Jacobaea vulgaris	and	the	grass	Holcus lanatus.	We	grew	both	species	 indi-
vidually	and	in	interspecific	competition	in	soil	that	was	first	conditioned	in	the	











soils	 but	 this	was	mainly	 driven	 by	 differences	 between	plant-conditioned	 and	
unconditioned	soils.	Remarkably,	at	the	end	of	the	second	growth	phase,	fungal	
community	composition	was	not	explained	by	the	legacy	of	the	species	that	had	

















same	 soil	 (Bever,	Westover,	 &	 Antonovics,	 1997;	 Van	 der	 Putten	




















the	 surface	 area	 where	 plant–soil	 interactions	 occur	 will	 increase	
with	increasing	growth	periods	and	this	in	itself	can	also	strengthen	




Our	 current	 understanding	 of	 PSF	 is	 based	 almost	 exclusively	
on	 experiments	 that	 use	 soils	 that	 are	 conditioned	 once	 by	 a	 sin-
gle	 species.	 However,	 in	 the	 field	where	 plants	 replace	 each	 other,	
plants	belonging	 to	different	 species	 can	condition	 the	 soil	 sequen-
tially.	 Jacobaea vulgaris,	 for	example,	 is	 a	 species	with	a	 strong	neg-























fects	 are	 generally	 stronger	when	plants	 compete	with	other	plants	
(e.g.	Casper	&	Castelli,	 2007;	Jing	 et	al.,	 2015;	Kardol,	Cornips,	Van	
Kempen,	Bakx-	Schotman,	&	Van	der	Putten,	2007;	Petermann,	Fergus,	
Turnbull,	&	Schmid,	2008;	but	see	e.g.	Crawford	&	Knight,	2017).	As	













the	 later	stages	of	 the	experiment	can	be	completely	different	 from	
early	 stages	 and	 the	 competitive	 balance	 between	 two	 species	 can	
even	 change	 directionally	 over	 time	 (Connolly,	 Wayne,	 &	 Murray,	
1990;	Menchaca	&	Connolly,	 1990;	Turkington	&	Jolliffe,	 1996).	To	









influence	 the	dynamic	growth	pattern	of	 two	grassland	species,	 the	
grass	Holcus lanatus	and	the	forb	J. vulgaris,	grown	in	isolation	and	in	
K E Y W O R D S
interspecific	competition,	plant	life	stage,	plant–soil	(below-ground)	interactions,	plant–soil	
feedback,	repeated	harvesting,	soil	chemistry,	soil	legacy,	T-RFLP
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decline	over	 time.	We	also	 analysed	 fungal	 community	 composition	
in	 the	 soils	 from	 the	conditioning	and	 feedback	phase,	 and	hypoth-
esized	 that	 (c)	 repeated	conspecific	conditioning	would	 increase	 the	








quentially	would	 reduce	 the	 effects.	We	 harvested	 5-	week-	old	 and	
9-	week-	old	plants,	and	expected	that,	again,	feedback	effects	would	
be	most	prominent	in	the	younger	plants.










the	village	Wolfheze,	The	Netherlands.	Seeds	of	Holcus lanatus were 
purchased	 from	 Cruydt-	Hoeck	 (Nijeberkoop,	 The	 Netherlands),	 a	
supplier	of	seeds	obtained	from	wild	plants.
2.2 | Greenhouse experiment






and	mixed	1:1	with	 sterilized	 soil	 collected	 from	 the	 same	 field.	
Soil	 was	 sterilized	 using	 gamma	 irradiation	 (>25	 Kgray,	 Isotron,	
Ede,	 The	Netherlands).	 Seeds	 from	 both	 species	were	 sterilized	
(1	min	in	2.5%	sodium	hypochlorite	solution	and	rinsed	with	water	
afterwards)	 and	 germinated	 on	 sterile	 glass	 beads	 in	 a	 climate	
chamber	at	16/8	h	light–dark	regime	and	a	20/15°C	temperature	
regime.	 After	 germination	 (c.	 1	week),	 seedlings	 were	 stored	 at	
4°C	until	further	use.
The	 experiment	 consisted	of	 three	phases	 (Figure	1).	 In	 the	 first	
phase,	soil	was	conditioned	by	growing	either	J. vulgaris or H. lanatus 
in	monocultures	 on	 the	 soil.	 Pots	 (10	×	10	×	11	cm)	were	 filled	with	
1	kg	 homogenized	 soil	 and	 kept	 for	 1	week	 in	 a	 climate-	controlled	


















to	 the	 same	 treatment-	replicate	 were	 homogenized	 so	 that	 there	
























were	 always	on	Monday	morning	 and	Thursday	 afternoon,	 so	 that	
the	 time	 between	 two	 harvests	 was	 always	 3.5	days.	 The	 experi-
ment	was	 initially	 aimed	 to	 last	 for	 19	weeks	but	 terminated	 after	
11	weeks,	because	it	became	increasingly	more	difficult	to	disentan-
gle	 the	 roots	of	 the	 two	plants	 in	 the	pots	where	 two	plants	were	
grown,	and	therefore	during	the	second	half	of	the	experiment	two	












randomly	 selected	pots	 from	each	of	 the	27	planting/soil	 replicate	
combinations	were	used	 to	collect	 soil	 for	a	 third	phase	of	 the	ex-
periment.	The	roots	were	removed	from	the	soil	of	each	pot,	and	the	
soil	from	the	three	pots	belonging	to	the	same	treatment	combina-
tion	was	homogenized.	A	 subset	of	 the	 soil	was	used	 for	 chemical	
and	 fungal	 analysis	 (See	 below).	 New	 pots	 (0.5	L)	were	 then	 filled	
with	360	g	of	soil	and	a	single	J. vulgaris or H. lanatus	seedling	was	
transplanted	 into	each	pot.	All	planted	seedlings	of	a	species	were	




demineralized	 water	 and	 kept	 at	 18%	 soil	 moisture	 as	 described	
above.	After	5	weeks,	half	of	the	pots	were	harvested	and	root	and	




Soil	 samples	collected	at	 the	end	of	 the	Phase	1	and	Phase	2	 (27	
January	2014;	1	week	before	the	final	harvest)	were	analysed	as	de-
scribed	by	Houba,	Temminghoff,	Gaikhorst,	 and	Van	Vark	 (2000).	




ammonium	 concentrations.	 Soil	 organic	 matter	 content	 was	 esti-




2.4 | Molecular detection of soil fungal community
The	composition	of	 the	 fungal	 community	 in	 the	 soil	 samples	 col-
lected	at	 the	end	of	 the	conditioning	Phase	and	 the	end	of	Phase	
2	was	determined	by	terminal	restriction	fragment	length	polymor-
phism	(T-	RFLP)	analysis	as	described	in	Bezemer	et	al.	(2013).	Details	
about	 the	 methods	 are	 presented	 in	 the	 Supporting	 Information.	
F IGURE  1 Schematic	drawing	of	the	experimental	design.	





































































−r*t,	 where	 Yt	 is	 the	 biomass	 at	 time	 t; K	 is	 the	
upper	asymptote	of	the	growth	curve,	M0	is	the	initial	biomass	and	
r	is	the	growth	rate	constant.	The	curve	was	fit	in	MS	Excel	through	
each	 replicate/treatment	 combination	 separately.	We	 then	 used	
the	 predicted	 fit	 to	 determine	AGR	 for	 each	 of	 the	 19	 sampling	
points	for	each	replicate.	Differences	in	AGRs	between	soils	were	
analysed	using	repeated	measure	analysis	as	described	above.	The	
severity	 of	 competition	was	 calculated	 as	 the	 log	 response	 ratio	
(ln[biomass	 of	 isolated	 plant/biomass	 of	 plant	 in	 competition])	
and	was	calculated	for	each	harvest	and	each	replicate	separately	
(n	=	3).
Plant	 soil	 feedbacks	 in	 Phase	 2	were	 calculated	 as:	 ln(conspe-
cific	 soil)	−	ln(heterospecific	 soil),	 so	 that	 negative	 values	 indicate	
that	 plants	 grow	 better	 in	 heterospecific	 soil.	 In	 this	 calculation,	
only	data	from	plants	growing	 in	conditioned	soils	were	used.	The	
feedback	 effect	 was	 calculated	 separately	 for	 each	 replicate	 (i.e.	
	ln(conspecific	 soil	 replicate	 1)	 	−	ln(heterospecific	 soil	 replicate	 1),	
etc.,	so	that	there	were	three	independent	data	points	for	each	sam-
pling	time.	This	was	done	for	plant	species	grown	in	isolation	or	in	




indicates	 that	 the	 feedback	 effect	 is	 significant.	We	 tested	 for	 an	
overall	 feedback	effect	 (overall	 significant	difference	between	 the	
two	soil	types)	and	whether	the	feedback	effect	changed	over	time	
(soil	x	time	interaction).
Soil	 properties	 were	 analysed	 using	 one-	way	 ANOVA	 (end	




in	 competition).	Organic	matter	 for	Phase	1	 and	NO3	 for	Phase	2	
were	log-	transformed	to	improve	normality.









tent	 the	 treatments	 influenced	 fungal	 composition.	 For	Phase	1	
data,	 the	 impact	of	 the	 three	conditioning	 treatments	was	anal-
ysed.	For	Phase	2	data,	we	analysed	how	the	soil	treatments	im-
posed	during	(a)	Phase	1	(three	conditioning	types)	and	(b)	Phase	
2	 (three	 planting	 types)	 influenced	 fungal	 community	 composi-
tion.	Significance	was	inferred	from	a	permutation	test	with	999	
permutations.
To	 examine	 whether	 repeated	 conspecific	 soil	 conditioning	




Holcus or Holcus–Jacobaea).	We	 predicted	 that	 the	 proportion	 of	
unique	TRFs	would	be	highest	when	the	two	repeated	conspecific	
conditioned	soils	were	compared	(i.e.	that	the	fungal	communities	













variance	 for	 young	 and	 older	 plants	 was	 then	 determined	 using	
the	 initial	 fungal	composition	at	Phase	2	 (measured	at	 the	end	of	
Phase	1)	and	the	fungal	composition	measured	at	the	end	of	Phase	
2.	 The	 percentage	 explained	 variance	 for	 young	 and	 older	 plants	
grown	in	Phase	3	was	determined	using	the	initial	fungal	composi-
tion	at	Phase	3	(measured	at	the	end	of	Phase	2).	Similar	analyses	
were	 carried	 out	 for	 soil	 abiotic	 characteristics.	 These	 data	were	
continuous	and	were	analysed	using	linear	constrained	multivariate	
analyses	(RDA).	Since	the	range	in	values	varies	greatly	between	the	







ment	 during	 Phase	 2	 (isolated	 J. vulgaris	 or	 isolated	H. lanatus)	 and	













Table	1).	 Isolated	 H. lanatus	 plants	 produced	 slightly	 (10%)	 more	
biomass	in	Jacobaea	soil	than	in	the	other	soils	(p	=	.053;	Table	1)	but	
this	did	not	change	over	time	(Figure	2,	Table	1).	In	competition,	bio-




ratio	 of	 isolated	 H. lanatus	 varied	 between	 soils	 and	 was	 lowest	
in	unconditioned	 soil.	 In	 competition,	 the	 root:shoot	 ratio	of	 both	
species	was	highest	when	grown	in	conspecific	soil;	21%	higher	for	
J. vulgaris	 plants	 in	 Jacobaea	 soil,	 and	 17%	higher	 for	H. lanatus in 
Holcus	soil	(Figure	S1;	Table	1).
The	predicted	biomass	productivity	 per	 day	 (AGR)	 of	 isolated	
J. vulgaris	plants	was	lower	in	Jacobaea	soil	and	unconditioned	soil	
than	 in	Holcus	 soil	during	 the	 first	weeks	of	growth	but	higher	 in	
the	two	other	soils	during	the	 last	weeks	resulting	 in	a	significant	
soil	×	time	 interaction	 (Table	1;	 Figure	3).	 Overall,	 in	 competition,	
the	AGR	of	H. lanatus	was	much	higher	than	that	of	J. vulgaris in all 
soils.	In	competition,	AGRs	in	Jacobaea	soil	were	highest	for	H. la-
natus	 and	 lowest	 for	J. vulgaris	plants.	For	 isolated	plants,	 initially	
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Isolated	 J. vulgaris	 plants	 exhibited	 a	 strong	 negative	 conspe-
cific	 feedback	but	 the	 strength	of	 the	 feedback	 effect	 diminished	
over	time	(Figure	4;	Table	1).	Isolated	H. lanatus	also	had	a	negative	
conspecific	feedback	effect	but	this	was	only	marginally	significant	
(p	=	.053)	 and	 did	 not	 change	 over	 time	 (Table	1).	 In	 competition,	
both	species	had	a	negative	conspecific	feedback,	but	the	negative	
feedback	 of	 J. vulgaris	 became	more	 negative,	while	 for	H. lanatus 
there	was	no	significant	change	over	time	(Figure	4;	Table	1).
The	 severity	 of	 competition	 for	 J. vulgaris	 plants	 increased	
strongly	over	time	and	was	higher	in	Jacobaea	soil	than	in	the	other	







3.2 | Abiotic and biotic soil characteristics
At	 the	end	of	Phase	1,	 in	pots	with	plant	growth,	 independent	of	
which	species	had	been	grown	in	the	soil,	K	levels	were	48%	lower	
and	organic	matter	16%	lower	than	in	the	unconditioned	soil.	NO3 












F = 1.1; p	=	.08).	For	Phase	2	soil,	all	treatments	combined	explained	
21.1%	of	the	fungal	community	composition	 (F = 1.4; p	=	.001)	but	
this	was	mainly	explained	by	the	treatments	imposed	during	Phase	
1	(12.3%;	F = 1.6; p	=	.001)	and	not	significantly	by	the	treatments	




tion	between	the	fungal	communities	from	soil	where	H. lanatus or 
J. vulgaris	had	been	grown	in	Phase	1	or	2	(Figure	S4).




Phase	1	on	total	biomass,	root:shoot	ratio,	absolute	growth	rates	(AGR)	and	conspecific	plant	soil	feedback	effects	of	Jacobaea vulgaris or 
Holcus lanatus	grown	in	isolation	or	in	competition	during	Phase	2.	F-	values	and	p-	values	are	presented	and	degrees	of	freedom	(df)	for	the	
overall	effect	of	“soil”	and	the	“soil	×	time”	interaction.	Significant	p-values	are	presented	in	bold
Soil Soil × time
F p F p
Total	biomass (df	=	2,6) (df	=	36,108)
Jacobaea	isolated 20.24 .002 1.59 .035
Jacobaea	competition 18.22 .003 2.29 <.0001
Holcus	isolated 4.95 .053 1.45 .074
Holcus	competition 57.24 <.0001 1.30 .15
Root:Shoot	ratio (df	=	2,6) (df	=	36,108)
Jacobaea	isolated 1.83 .24 1.22 .22
Jacobaea	competition 13.75 .005 0.60 .95
Holcus	isolated 24.43 .001 1.58 .038
Holcus	competition 11.98 .008 1.22 .22
AGR (df	=	2,6) (df	=	36,108)
Jacobaea	isolated 3.13 .12 10.37 <.0001
Jacobaea	competition 12.99 .007 2.32 .0004
Holcus	isolated 4.96 .053 1.32 .14
Holcus	competition 10.21 .011 1.40 .094
Conspecific	plant-	soil	feedback (df	=	1,4) (df	=	18,72)
Jacobaea	isolated 17.79 .014 2.10 .014
Jacobaea	competition 37.00 .004 3.14 .0003
Holcus	isolated 7.28 .054 1.05 .42
Holcus	competition 63.60 .001 1.44 .13












plants	 was	 not	 related	 to	 fungal	 community	 composition.	When	





part	of	the	variation	for	young	H. lanatus and older J. vulgaris	plants	
(Table	S3).
3.3 | Biomass responses during Phase 3
In	Phase	3,	young	J. vulgaris	plants	tended	to	produce	less	biomass	
in	soil	 in	which	J. vulgaris	had	been	grown	in	Phase	2,	but	this	was	
not	significant	due	to	large	variation	among	replicates	(F2,18 = 2.79; 
p	=	.088;	 Figure	6).	 Independent	 of	 plant	 age,	 J. vulgaris	 produced	








In	 this	 study,	 we	 examined	 the	 dynamic	 growth	 patterns	 of	 two	
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depends	 greatly	 on	 the	 age	of	 the	 response	plant.	 Second,	 these	











ferent	 conclusions	 about	 the	 strength	 and	 even	 direction	 of	 PSF	
effects.	Hence,	our	results	provide	strong	evidence	that	feedbacks	
can	differ	greatly	between	younger	and	older	plants	(Dudenhöffer	
et	al.,	 2018;	 Kardol	 et	al.,	 2013).	 Variability	 in	 feedback	 during	
plant	growth	stages	could	be	due	to,	e.g.	changes	 in	vulnerability	
to	 soil	 pathogens	 or	 the	 relative	 benefits	 derived	 from	 arbuscu-
lar	 mycorrhizal	 fungi	 (Bardgett,	 Bowman,	 Kaufmann,	 &	 Schmidt,	
2005;	Hartnett,	Samenus,	Fischer,	&	Hetrick,	1994).	Several	stud-
ies	have	shown,	 for	example,	 that	seedling	stages	are	particularly	
susceptible	 to	 soil	 pathogens	 (Hersh	 et	 al.,	 2012;	 Packer	 &	 Clay,	
2000)	and	sometimes	respond	negatively	to	mycorrhizal	fungi	even	
though	 the	 adult	 plant	 benefits	 from	 those	 fungi	 (Hartnett	 et	al.,	
1994;	Koide,	 1985).	 This	 could	 explain	 the	positive	 effect	 in	 self-	
conditioned	soil	for	individually	grown	J. vulgaris	plants	during	later	











not	 find	evidence	for	 this.	 Instead	the	multivariate	analyses	show	
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to	break	down	organic	matter	(Dijkstra	&	Cheng,	2007;	Kuzyakov,	




A	 large	 number	 of	 studies	 have	 shown	 that	 PSFs	 depend	 on	
whether	 the	 plant	 grows	 alone	 or	 in	 competition	 (e.g.	 Casper	 &	
Castelli,	 2007;	 Crawford	 &	 Knight,	 2017;	 Jing	 et	al.,	 2015).	 Our	
study	now	shows	 that	 the	 temporal	 response	 to	soil	 conditioning	
is	 also	greatly	 influenced	by	whether	 the	plant	experienced	com-
petition	or	not.	 In	competition,	the	negative	conspecific	feedback	
of	J. vulgaris	increased	in	strength	over	time,	and	this	benefited	the	
competitor	H. lanatus.	 These	effects	 could	not	 be	predicted	 from	
the	results	obtained	from	the	individually	potted	plants.	Our	results	








plant	 growth.	Maron	et	al.	 (2016)	 argued	 that	when	 a	plant	 com-
petes	 with	 a	 heterospecific	 plant	 species	 in	 conspecific-	cultured	
soil,	this	will	dilute	the	negative	feedback	effects	of	species-	specific	




the	 stronger	 competitor	 of	 the	 two,	 benefits	 from	 the	 additional	
soil-	mediated	 negative	 effect	 on	 J. vulgaris. So	 both	 the	 negative	
conspecific	 feedback	 and	 the	weak	 competitiveness	 of	 J. vulgaris 
resulted	 in	 the	poor	performance	of	 J. vulgaris	 in	 conspecific	 soil.	
Interestingly,	 during	 the	 first	 2	weeks	 of	 growth,	 when	 the	 two	
species	were	too	small	to	compete	for	space,	H. lanatus	performed	





plant-	mediated	changes	 in	soil	moisture	 levels,	 release	of	particu-
lar	chemical	compounds	 in	the	soil	or	 indirectly	via	the	effects	of	
J. vulgaris	on	microbes	that	benefit	H. lanatus	 (Bardgett	&	Wardle,	
2010;	Miki,	Ushio,	Fukui,	&	Kondoh,	2010).	Taken	together,	our	re-












K (mg/kg) PO4 (mg/kg) NH4 (mg/kg) NO3 (mg/kg) pH OM (%)
End	Phase	1
JV	conditioned	(JV) 29.5	±	0.1a 11.8	±	0.4 2.4	±	0.2 4.5	±	0.6a 5.1	±	0.03 2.9	±	0.01a
HL	conditioned	(HL) 30.5	±	0.4a 11.7	±	0.7 3.9	±	0.8 6.6	±	0.5b 5.1	±	0.01 3.1	±	0.1ab
No	plant	(Unc) 58.0	±	0.5b 11.8	±	0.7 4.2	±	1.9 3.4	±	0.1a 5.1	±	0.03 3.6	±	0.2b
F	(df	=	2,6) 1,726.3*** 0.03 0.64 14.6* 0.1 9.4*
End	Phase	2
JV-	JV 7.5	±	0.3a 11.3	±	0.4 0 0.3	±	0.26 5.1	±	0.02bd 3.6	±	0.1
JV-	HL 7.1	±	0.9a 12.0	±	0.1 0 0.2	±	0.10 5.0	±	0.01ad 3.9	±	0.1
JV-	mix 8.2	±	1.6a 12.1	±	0.2 0 0.0	±	0.00 5.1	±	0.01bd 4.0	±	0.1
HL-	JV 6.6	±	0.5a 10.2	±	0.2 0 0.3	±	0.03 5.0	±	0.00ac 3.7	±	0.4
HL-	HL 7.6	±	1.5a 10.6	±	0.6 0 0.4	±	0.00 4.9	±	0.06a 3.8	±	0.1
HL-	mix 6.5	±	0.2a 11.7	±	0.8 0 0.2	±	0.03 4.9	±	0.02ac 4.1	±	0.1
Unc-	JV 18.1	±	3.1b 11.0	±	0.7 0 0.1	±	0.03 5.1	±	0.00b 4.3	±	0.2
Unc-	HL 17.4	±	1.7b 10.4	±	0.4 0 0.2	±	0.19 5.1	±	0.01b 3.8	±	0.4
Unc-	mix 17.1	±	1.9b 11.5	±	0.3 0 0.1	±	0.06 5.0	±	0.00bcd 3.9	±	0.4
Phase	1:	F	(df	=	2,18) 43.4*** 3.7* n.a. 1.8 62.9*** 0.2
Phase	2:	F	(df	=	2,18) 0.01 3.2 n.a. 1.6 4.9* 0.3
P1	×	P2:	F	(df	=	4,18) 0.2 0.9 n.a. 0.3 6.8** 1.0
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phase	were	not	due	to	changes	 in	the	soil	but	rather	due	to	tem-








influence	 the	 outcome	 of	 the	 experiment.	 Standardizing	 among	
experiments	 in	 the	 starting	 conditions	 of	 the	 soil	 (community)	 is	
virtually	 impossible	 as	 microbial	 communities	 are	 highly	 variable	
over	time	and	space	and	greatly	depend	on	the	plant	species	that	
are	 growing	 in	 the	 soil,	 but	 the	 implications	 of	 different	 starting	
conditions	on	 the	outcome	of	 the	experiments	are	 rarely	consid-
ered.	Such	sequential	legacy	effects	on	plant	growth	were	recently	
shown	 in	 another	 study	 (Wubs	&	 Bezemer,	 2018)	 and	 our	 study	
now	provides	evidence	 that	 these	 legacy	effects	are	also	detect-
able	in	the	composition	of	the	soil	fungal	community.	There	were	
clear	differences	 in	 the	 fungal	community	at	 the	end	of	Phase	2,	
depending	 on	 whether	 during	 Phase	 1	 plants	 had	 grown	 in	 the	
soil	 or	not.	How	 long	 these	 legacies	will	 remain	 in	 the	 soil	 is	not	
known	but	our	study	shows	that	they	can	be	more	important	than	
the	conditioning	effects	created	by	the	most	recent	plant	species.	
Wubs	 and	Bezemer	 (2018)	 showed	 that	 the	 sequence	 of	 species	
that	condition	the	soil	impacted	the	sign	and	magnitude	of	PSF	for	
J. vulgaris.	We	now	show	that	while	this	was	true	for	J. vulgaris,	this	








with	 previous	 studies	 (Mazzola,	 1999;	 Packer	&	Clay,	 2004),	 this	
was	not	 evident	 from	 the	 fungal	 community	patterns.	We	 there-
fore	 did	 not	 find	 direct	 evidence	 supporting	 our	 hypothesis	 that	
repeated	conditioning	leads	to	more	distinct	plant	species-	specific	
soil	fungal	communities.	However,	we	did	find	that	repeated	con-
specific	 conditioning	 led	 to	 an	 increase	 in	 the	 number	 of	 unique	
TRFs	 providing	 some	 indirect	 evidence	 for	 our	 hypothesis.	 It	 is	








In	 conclusion,	 we	 show	 that	 the	 direction	 and	 magnitude	 of	
conspecific	 feedback	 depends	 on	 plant	 life	 stage	 and	 compe-
tition,	 and	 also	 on	 previous	 legacy	 effects	 in	 the	 soil	 of	 earlier	
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TABLE  3 Results	of	a	three-	way	ANOVA	testing	the	effects	of	Phase	1	treatments	(Jacobaea vulgaris	soil,	Holcus lanatus	soil,	unconditioned	
soil),	Phase	2	treatments	(isolated	J. vulgaris,	isolated	H. lanatus)	and	plant	age	(young	and	older	plants)	on	total	biomass	of	J. vulgaris and 
H. lanatus	during	Phase	3.	F-	values,	p-	values	and	degrees	of	freedom	(df)	are	presented.	Significant	p-values	are	presented	in	bold
df
J. vulgaris H. lanatus
F p F p
Phase	1 2,36 4.89 .013 2.70 .081
Phase	2 1,36 0.79 .38 11.38 .002
Plant	age 1,36 182.1 <.0001 296.1 <.0001
Phase	1	×	Phase	2 2,36 0.50 .61 1.96 .16
Phase	1	×	age 2,36 0.02 .98 1.23 .31
Phase	2	×	age 1,36 1.77 .19 0.00 .99
Phase	1	×	Phase	2	×	age 2,36 1.54 .23 0.15 .86
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